The CERN SPS has been delivering proton beams at 400 GeV for physics since January 1977 and currently runs with a circulating beam intensity of 2x1013 protons per pulse and repetition time of 9.6 seconds. This paper discusses the steps taken to reach this intensity, the limitations at various stages in the development, and the equipment under construction to attain 3x10'3 ppp. It also reviews the performance and reliability of the SPS during its first two years of operation.
1. Current Operation.
With the great interest in long extraction spill times for counter experiments the speed of acceleration becomes important. The rate of rise is limited by the RF voltage available, so fast rising cycles were developed by matching the field shape to make full use of the RF buckets. With the introduction of 450 GeV cycles next year, it will be the power dissipation which will limit the repetition rate of the SPS, so that a cycle time of 12.8s must be used to achieve a 1.2s flat top at the top energy.
2. Improvements in Operational Intensity.
The CERN SPS has now been in successful operation for more than 2 years, and continues to develop rapidly. Over the last year several milestones have been passed, with the opening up of the second experimental physics area in the North, the introduction of double batch injection leading to the attainment of 2x1 013 protons per pulse, and the acceleration of protons to 500 GeV.
The SPS has been used intensively during 1978, it was run for a total of 5445 hours, of which 4248 were scheduled for physics runs and 945 for machine development, and protons were accelerated for 80% of this scheduled time. The operation was divided into 8 five week periods, each comprising two physics runs of ten days separated by 36 hours of machine development. It is hoped to improve the efficiency of physics runs still further in 1979 by running longer periods, each comprising 3 runs of 10 days.
In order to satisfy the varied physics program best, some 5 different magnet cycles were employed last year.
These evolved to reflect the increasing importance of the newly commissioned North experimental area and the introduction of double batch injection. The cycle in use last autumn is shown in fig. 1 Further improvements have come from the precise compensation of the chromaticity and coupling. These settings are very critical on the front porch where the effect due to B/B is large, and substantial effort was made in providing better measurement and more flexible control over these settings, leading to better confidence in precise chromaticity compensation.
Collective Effects.
At the end of 1977 collective effects first started troubling operation. The most dramatic was excited by the first transverse bar mode of the RF cavity at 460 MHz. By adjusting the cavity temperature it was found possible to move the sharply tuned resonance between high harmonics (N-Q)f,. to a point which suppressed the instability. However this proved operationally troublesome to adjust, so by inserting couplers to damp this cavity mode, the threshold was increased by a factor of 2, but it is again starting to give trouble at the high intensities in current use.
The second bar mode of the cavity, a longitudinal mode at 628 MHz causes a large blow up at the approach to the 210 GeV flat top and a subsequent loss at the start of the second ramp. This blowup is now performed in a controlled way by exciting the beam at twice the synchrotron frequency, a technique which also improves the extraction spill.
The transverse resistive wall modes, whose threshold is around 4x10'2 ppp, occasionally disturbs operation, but improvements in power and bandwidth of the active dampers have normally been sufficient to keep the threshold ahead of the operational intensity.
Intensity Improvement Program.
During 1977 it was decided to launch a program involving substantial capital expenditure to upgrade the SPS to provide an accelerated intensity of 3x10'3.
The extra intensity was foreseen to be made available by multiple injection from the CPS, injecting up to 5 batches at 10 GeV before acceleration. For this a new inflector has been designed, with 12 kicker modules to give faster rise times.
To satisfy the extra power required to compensate for beam loading, which currently accounts for 240 KW of the 1 MW RF power used, rising to 400 KW for 3x 10'3 ppp, the available RF power is being augmented, in 3 stages. A third 200 MHz cavity was installed in January 1978, and a fourth one is being commissioned. A second set of transmitters is under construction to double the power available to 4 MW.
To overcome the fundamental limit to intensity it is necessary to provide mechanisms for overcoming specific collective effects. In the transverse plane, Fig 3. shows that even in 1978 the improvement in reliability was halted during the thunderstorm period. The effect of the storm is to induce a large transient on the main 380 KV supply from the French grid, lowering the voltage to as little as 50% of the nominal value over a period of upto 100 msec, with a subsequent overshoot which can cause substantial damage. The computers and other sensitive equipment are now powered from protected battery-inverter supplies which allow the control system to continue unaffected. In spite of this many protective interlocks trip out. Nearly every equipment setting needs to be reloaded, a process which takes about 15 minutes, or upto several hours if any major damage has been sustained. frequency between the SPS and CPS, and other examples were given in section 2.1. These programs try to take into account the fundamental parameters of the machine in the correct way, so that for instance the orbit correction program and the injection steering program work equally well with the machine set for a Q of 15.4 or 20.6 as for the normal Q of 26.6. Fig. 4 One of the consequences of distributing the beam to a large number of targets is the problem of maintaining well steered beam on each, with splitting ratios satisfying all users. In spite of difficulties early on, a good reload facility, combined with occasional trimmiming of the final two steering dipoles leads to stable and repeatable beam conditions. 4.3 Eauirment Surveillance.
During normal operation when conditions are quiet the most important diagnostic tool is the alarm screen.
Equipment fault messages are generated by a large number of autonomous surveillance programs running in the satellite computers. These run at intervals of typically 5 minutes, though summary status bits are scanned every 3 seconds and trigger the relevant program automatically. This usually gives sufficient warning for faulty equipment to be replaced before beam is lost.
Although in the past rather too many alarm messages were reported, sufficient logic has now been introduced in the surveillance programs themselves to take account of the state of the machine, and only to report the most important fault. In this way a flood of consequential alarms is avoided.
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